In the United States. a combination of maize chlorotic mottle virus (MCMY) and wheat streak mosaic virus (WSMV) or maize dwarf mosaic virus (MDMV), strain A or B, causes a disease known as corn lethal necrosis (CLN) (30). In fields with CLN, yield losses of up to 90% (24) have been reported in north central Kansas and south central Nebraska, where the disease is currently confined despite t h e fact that all three viruses have different aerial vectors (h,23.26).
MCMV is a spherical ssRMA (1 -47 M Da) virus with a capsid protein of 24.6 kDa (22). I t is readily transmitted mechanically and, experimentally, by six species of chrysomelid beetles (18,23).
MDMV-B (26)
. an aphid-transmitted poryvirus. has a capsid protein of 35 kDa. an inclusion body protein of 66 kDa (1 9) , and a ssRNA of 3 M Da (17) . WSMV is a mite-transmitted, 700-nm flexuous rod with a capsid protein of 45 kDa, an inclusion body protein of 66 kDa (9) . and a ssR NA of 2.8 MDa (6).
Plants with CCN show severe yellowing of leaves, which develops into necrosis beginning at the tips and edges of the leaves and progressing inward. Plants of many corn lines, particularly in breds. develop a severe, often fatat disease if they become doubly infected when young.
'The primary goal of this study was to determine if the concentrations of M C M V and MDMV-B were higher in plants with mixed infections than in those with singte infections. The 
PHYTOPATHOLOGY
the disease on chloroplast and cytoplasmic rRNAs. a biochemical index of cell damage, is also reported because this information was available as a byproduct of the MCMV assay.
A preliminary report of these resutts has appeared (14).
MATERIALS AND METHODS
Viruses. To eliminate possible contaminants, the MCMV stock isolate was obtained from pIants inoculated with a solution removed from the virus zone of a sucrose gradient and diluted to near the dilution end point. M DMV-B (type strain) was obtained from S. Jensen of this department. The viruses were propagated on maize inbred B73Ht plants grown in a greenhouse. B73Ht is moderately susceptible to CLN and has ranked as more susceptible than 60% of inbreds tested in the NCR2 regional uniform inbred nursery over the last 5 yr (Rrakke, unpublished dare). To reduce the chances of contamination, virus cultures were started anew at monthly intervals from dried leaves kept over CaCll at 4 C. Five plants (B73Ht) were grown per 10-cm pot, inoculated by leaf rubbing 10-12 days after planting when they were in the early three-leaf stage, and harvested 6. 10, and t 5 days after inoculatian.
Sap from virus-infected leaves was used for inoculum after dilution in water to about 1:s for MDMV-B and 1:15 for M C M V and addition of a few percent Celite.
MCMV purification. Infected Ieaves were harvested 12-3 5 days after inoculation and ground in 0.1 M K>HPO4 (1 g per 3 ml) in a blender for 2 min. The extract was filtered through cheesecloth and centrifuged in a Beckman J21 R centrifuge with a JA20 rotor for 5 min at 8,000 rpm at 5 C. One-motar CaClz (1/5Q volume) was added to the supernatant, which was stirred for 20 min. and then tions. The MCMV concentration was, therefore, determined by measuring viral R N A present in density gradients of whofe cell R N A preparations. MCMV R N A sedimented faster t han the cytoplasmic and chloroplast rRNAs and was easily detected in whole cell nucleic acid preparations (Fig. 3) .
The concentration of MCMV genomic R N A resulting from single and mixed infections differed dramatically ( Table 1, Fig. 4 ). The MCMV-infected third and terminal leaves had concentrations much lower than the corresponding CLN-infected leaves. Except For the third leaf 6 days after inoculation, the CLN-infected leaves had 1.7-5.4 times as much MCMY-RNA as did singly infected leaves. All M C M V-and CLN-infected leaves, except the MCMYinfected third leaf. had less MCMV RNA 15 daysafter inoculation than a t 10 days.
There was no consistent difference between singly and doubly infected plants in the concentration of MDMY-B determined by ELlSA (Fig. 4) . The concentrations of MDMY-B were 1.5-2.5 times higher 10 days after inoculation than 6 days after inoculation and fell slightly by 15 days after inoculation.
Extracts from MDMV-B-infected plants were partly purified and assayed by SDS-PAGE for inclusion body protein (66 kDa) (19 (Fig. 5) . MCMV-RN A inrectivity. MCM V RN A recovered from sucrose gradients was infectious and plants infected with it had typical symptoms. Partial purification followed by SDS-PAGE of proteins confirmed the presence o f MCMV virions in the R N A inoculated plants. The '~e a n and standard error of the mean for measurements madc on threc gradicnt columns Cnr each of zhrcc cxpcriments, except where specified otherwise. nucleoproteins. such as ribosomes. arc not. The RNAs released from these nucleoproteins are stablc in NaG PS buffer, which is an erfectivc inhibitor of leaf RNase. M C M V virions were unstable in NaGPS; as much M C M V R N A was found in extracts of infected leaves ground in NaGPS buffer as in those ground in SDScontaining buffer (buffer C) (Fig. I) . Similar results were obtained when purified virus was added to healthy leaves before they were ground, and when purified virus wasdiluted into NaGPS buffer or buffer C (Fig. I) . Additional indications that a t least a portion of the M C M V virions arc unstable were given by the difficulty of scaling up purification procedures and by the repeated observation of two zones in 30-60s ( w l v ) sucrose gradients. Only the lower zone fluoresced in the presence of ethidium bromide, suggesting t h a~ it containcd swollen, permeable particles. In addition, particles of the lower zone in the sucrose gradient were more thermally labile than those of the upper zone.
'Mean

DISCUSSION
Difference of MCMY from sobemoviruses. MCMV has been assigned to the sohcrnoviruses on the basis of its morphology, molecular weights of RNA and capsid protein, and beetle transmission. in which it resembles the type member. southern bean mosaicvirus(SBMV) (15.29). MCMVdiffers from S B M V in its lack of seed transmission (3).
Our observations indicate additional differences between MCMV and SRMV. The apparent instability of M C M V during purif~cation is unusual for a virus with a high dilution end point The RNA extractian procedure in a high salt, high pH buffer allows for rapid and simuttaneous analysis of the concentration of MCMV and r R N A on gradients. This assay measures intact genomic R N A (Fig. 3) , whereas an assay based on partly purified virions ( Fig. 1) measures encapsidated (degraded a s well as intact) RNA, and ELISA measures capsid protein whether part of a virion o r not. Agreement between these assays may conceivably vary with the stage of infection and environmental conditions which might influence either efficiency of encapsidation'or in vivo degradation of the viral RNA.
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